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[Title of the Invention] 

POLYESTER FILM FOR MAGNETIC RECORDING MEDIUM 

[Summary] 
[Subject] 

If a magnetic layer is provided, there can be electronic 
conversion properties of smoothness and scratch resistance as well 
as good movement properties at high temperature and high humidity. 
[Means for Resolving] 

A polyester film for a magnetic recording medium that 
contains at least 0.005 wt.% of colloidal silica of which more 
than 95% by wt. grain is in a range of less than 2a (m(i) when an 
average grain diameter is set as a (mja) . 
[Claim 1] 

A polyester film for magnetic recording medium that contains 
at least 0.005 wt.% of colloidal silica of which a more than 95% 
by wt. grain is in a range of less than 2a (m^) when an average 
grain diameter is set as a (m^) . 

[Specification] 

[0001] 

[Technical Field of this Invention] 
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This invention concerns a polyester film for a magnetic 
recording medium. 
[0002] 

[Prior Art Technology] 

In the past, polyester film for a magnetic recording medium 
has provided a countless number of fine protrusions over a film 
surface in order to improve operating ability (e.g., winding and 
slit, etc.) or in order to give tape movement properties inside of 
a video tape recorder. However, these fine protrusions may 
deteriorate the necessary electromagnetic conversion properties to 
a magnetic recording, or it may cause the noise or drop out 

(recording loss) . 

[0003] 

The problem here is that, in the past, a fine protrusion 
(which does not deteriorate electromagnetic conversion properties) 
could not be obtained and even though the average diameter of film 
surface's protrusions is comparatively small, it has a wide degree 
of grain distribution. These rough grains have exerted a large 
negative influence. 
[0004] 

For example, an evaporation-type video tape (which 
evaporates a magnetic substance over the surface of a polyester 
film) has a very thin magnetic layer. Therefore, the surface 
shape of the used base film becomes an evaporation thin film 
surface shape after an evaporated magnetic body. Consequently, 



3 



the surface of the base film is rough and the electromagnetic 
conversion properties of an evaporation video tape becomes 
extremely poor. From the standpoint of these electromagnetic 
conversion properties, a smooth and absolutely mirror surfaced 
base film is preferred. However, the evaporation surface of the 
evaporation film (which is formed over such a base film) keeps 
the mirror surface, as is, so that slideability is very poor. 
Therefore, if the evaporation surface is not provided with a 
protective film layer, great scratches are generated during the 
tape making process after the evaporation process. As a result, 
it has absolutely no practicality. 
[0005] 

A significant problem at the time of the evaporation video 
tape's actual use movement properties of the evaporation surface. 
In a prior art case of a coated-type video tape (which mixs a 
magnetic powder into an organic binder and coats it on a base 
film) , a lubricant was added into the binder and the movement 
properties of the magnetic surface were improved. However, with 
regard to the evaporation video tape, the appropriate movement 
properties of the evaporation surface cannot be obtained unless a 
protective film layer is provided. It is also difficult to evenly 
provide a protective film layer over the evaporation surface. 
Therefore, with regard to evaporation tape, an improvement of the 
movement properties of the evaporation surface, especially any 
severe conditions at the actual time of use, cannot be achieved. 



4 



More specifically, movement properties improvement under high 
temperature and high humidity conditions cannot be achieved. 
[0006] 

[Objective for Resolution by the Invention] 

The objective of this invention is to offer a polyester film 
for a magnetic recording medium that has a smoothness, scratch 
resistance and good movement properties under high temperature and 
high humidity conditions. 
[0007] 

[Means for Resolving Problems] 

This invention's above objective can be achieved by a 
polyester film for a magnetic recording medium consisting of at 
least 0.005 wt.% of colloidal silica of which a more than 95% by 
wt. grain is in a range of less than 2a (mu) when an average grain 
diameter is set as a (mu) . 

[0008] 

[Example Mode of this Invention] 

This invention's polyester may be any polyester so long as 
it uses a linear polyester as the main component. For example, 
polyethylene terephthalate, polytetramethylene terephthalate, poly 

- 1, 4 - di cyclohexylene di methylene terephthalate, polyethylene 

- 2, 6 - naphthalene dicarboxylate, polyethylene - P-oxy benzoate, 
etc. are typical. 

[0009] 

The above mentioned . polyester can also be either 
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homopolyester or copolyester. In a case of a copolyester, a diol 
component (e.g., diethylene glycol, propylene glycol, neo penthyl 
glycol, polyethylene glycol, neo pentyl glycol, polyethylene 
glycol, P - xylene glycol, 1, 4- cyclohexane di methanol, etc.), a 
dicarboxylic acid component (e.g., acipic acid, sebacic acid, 
phthalic acid, isophthalic acid, 2, 6-naphthalene dicarboxylic 
acid, 5-sodium sulfone isophthalic acid, etc.) and a 
polyfunctional carboxylic acid component (e.g., trimellitic acid, 
pyro-mellitic acid, etc.) are all usable as the copolymerizing 
component. With regard to copolymerization, the copolymerizing 
component is set to less than 20 mol%. 
[0010] 

The above mentioned polyester can be mixed with at least one 
of an alkali metal salt derivative of sulfonic acid (which is non- 
reactive to other polyester) and a polyalkylene glycol (which is 
essentially not soluble with the polyester) while not exceeding 5% 
by weight. 
[0011] 

The colloidal silica of this invention has a fine single 
grain diameter. More specifically, a silicic acid [which is 
obtained from a water glass by for example, a means of ion 
exchange or dialysis, etc. It is adhered to a fine silica 
particulate and grown. One which is synthesized by an alkoxide 
means (which hydrolyses a silicic acid ester in an alcohol 
solvent) can be used. Both of them have an even degree of grain 
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distribution, less grain coagulation, and the grain shape is very 

close to globular. 

[0012] 

Up to now, a method for adding a very small inactive 
inorganic grain has known as a method for improving the movement 
properties, etc. by forming a protrusion over the surface of the 
film. Grains such as kaoline, calcium carbonate, titanium oxide 
and silica, etc. are all usable as these inactive inorganic 
grains. However, the shape of these grains is irregular. This is 
especially true in. the case of silica and titanium oxide, etc. 
They have a shape which aggregate multiple numbers of fine grains. 
As a result, they have properties which include uneven grain 
diameter, most of the grains are coarse and large, and also there 
is a broad distribution of grain degree. In order to improve 
these disadvantages, there has been various research to make 
uniform the diameter of the grains (e.g., combining a grinding 
treatment or dispersion treatment, etc.). There has not yet been 
sufficient effect and the protrusion shapes are not uniform. 
[0013] 

The characteristic of this invention is to form uniform fine 
single grains of colloidal silica and by forming a multiple number 
of uniform protrusions by the effect of this uniform grain 
diameter without having a coarse and large protrusion [which is 
originated by a coarse and large grain] . These are absolutely 
different grains from the prior art silica. More specifically, the 
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prior art wet-type means silica, aggregated silica (e.g., a dry- 
type silica which is synthesized by the thermo-decomposition of 
halogenated silicate) calcium carbonate, titanium oxide, kaoline, 
etc. ) . 
[0014] 

This invention's preferable colloidal silica is 10 - 1,000 
m^i, (more preferably 15 - 500 my, especially preferably 55 - 
300mji) . A preferable comparative area is 2 - 200 m 2 /g, (more 
preferably 5 - 181 m 2 /g, especially preferably 14 - 49 m 2 /g. 
[0015] 

A uniform grain degree distribution is preferred. The 
characteristic of this invention's colloidal silica is to have 
less than 2a (mjx) of more than 95% by weight grain when the 
average grain diameter is set as a (m^) [especially preferably, 
the distribution is less than 1.5 a (mji) ] . More specif cially, 
each circle equivalent diameter of, at least, more than 200 
colloidal silica grains is obtained by an electron microscope 
observation. The average diameter and grain degree distribution 
can be calculated by the weight portion rate of each divided 
circle equivalent diameter. Moreover, it is preferable to 
disperse more than ten .grains which are not aggregated in the film 
when the film is observed through a translucent-type electron 
microscope (30,000 magnification). 
[0016] 

The preferable amount of the added colloidal silica grain is 
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0.005 - 5 wt.%, (more preferably, 0.02 - 1.0 wt.%, especially 
preferably, 0.05 - 0.8 wt.%). 
[0017] 

An intrinsic grain [which consists of a polymerization 
residual caused by the protrusions of the film surface] or an 
inactive grain [which is added from the outside], etc. other than 
the colloidal silica can be contained when it is drawn into its 
film. When inactive grains other than colloidal silica are 
contained, the amount is such so that its protrusions do not 
obstruct the protrusion of the colloidal silica and do not ruin 
this invention's effect. The grain diameter is preferred to be 
less than the grain diameter of the colloidal silica. When the 
protrusion of the inactive grain is smaller than the protrusion of 
colloidal silica, the protrusion of the colloidal silica 
essentially controls this invention's effect and a good effect is 
obtained. A colloidal silica having two kinds of grain diameter 
is also jointly usable. 
[0018] 

This invention's polyester film is a polyester film which is 
one which combines the colloidal silica to the above mentioned 
polyester by a common method. More specifically, this invention's 
polyester film is a film which is formed by melting and extruding 
a polyester into a sheet or cylindrical shape and spreading in at 
least one direction. The mechanical properties of the film is 
preferred one of a type (e.g., normal balanced-type, type which 
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has been reinforced in a uniaxial direction, etc.). 
[0019] 

It is actually impossible to form absolutely the same 
protrusion diameter which is formed on at least one surface of 
this invention's film- 
fa) A preferable area average diameter [D 1 ] is 0.3 - 5ji, 
(more preferably 0.4 - 2|a). If it is less than 0.3^,, the movement 
properties of the deposited magnetic surface deteriorates. . If it 
exceeds 5u, the electron magnetic conversion properties 
deteriorate. 

(b) A preferable ratio [D 1 ] / [D 2 ] [which represents the 
sharpness of the surface protrusion diameter distribution] of an 
area average diameter [Di] and number of average diameters [D 2 ] 
exceeds 1 but is less than 2.5 (more preferably, exceeds 1 but is 
less than 2.0). If it exceeds 2.5, the distribution of the 
protrusion diameter becomes too wide, and it is linked to the 
deterioration of the electromagnetic conversion properties, 
especially, the deterioration of drop-out by the coarse and large 
protrusions . 

(c) The ' preferable maximum protrusion height [P] . is less 
than O.lOjojn (more preferably less than 0.05|iiri, especially 
preferably 0.005 - 0.03pjti. If it exceeds O.lO^jn, the 
electromagnetic conversion properties deteriorate. 

(d) The preferable number of protrusions [N] is 5 x 10 3 - 1 
x 10 5 piece/mm 2 , (more preferably 1 x 10 4 - 4 x 4 piece/mm 2 ) . If it 
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is less than 5 x 10 3 piece/mm 2 , the movement properties of the 
deposited magnetic surface deteriorates. However, if it exceeds 1 
x 10 5 piece/mm 2 , the electromagnetic conversion properties 
deteriorate. 
[0020] 

A colloidal silica is most preferably added in a polyester 
{with an optically formed flat surface] in order to control the 
condition of the surface protrusions. 
[0021] 

The surface of the polyester film is preferably flat. More 
specifically, the roughness of the film surface is the 0.08mm cut 
off value of a stylus surface roughness tester. A Ra value is less 
than 0.030^, (preferably 0.02^, more preferably 0.015^). 
[0022] 

Ra value means a corrected average of the absolute value of 
the height (short) of a rough curve line from the center line (it 
is obtained from the center line so as to become an equal area of 
the upper and lower section) in a rough curve line [which has 
eliminated sinuosity]. (By DIN 4768) 
[0023] 

This invention's polyester film is a base film for a stamping 
foil, optical recording material, condenser, electrostatic 
recording material and a magnetic recording medium that is able to 
be used for various other purposes, e.g., preferably used for a 
ferromagnetic thin metal film formation. 
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[0024] 

All of the prior art methods can be used as the means to form 
a ferromagnetic thin metal film, but means of spatter, means of 
electroless plating, means of ion plating and means of vacuum 
depositing can specifically be used. Means of vacuum depositing 
is especially preferred. Iron, cobalt, nickel or their alloy or 
cobalt-chrome alloy, etc. are all usable as a ferromagnetic metal 
material. 
[0025] 

The thickness of metal deposited film is commonly preferred 
to be about 0.12 - O.Sjj, from the standpoint of necessity to offer 
a sufficient output as a high-density magnetic recording medium. 
The thickness of the metal deposited film formed in such a manner 
is very small and, as explained above, the surface condition of 
the base film becomes the surface of the deposited film. In order 
to satisfy both electromagnetic conversion properties and movement 
properties of the deposited magnetic surface, the above explained 
protrusions are preferably present over the surface on which is to 
be deposited the base film. 
[0026] 

It is preferable to coat either water or a solution which has 
dispersed a lubricant to a solvent in order to give sliding 
properties to the opposite surface of the magnet deposited 
surface. All of the commonly known methods can be used as means 
to provide the sliding properties. For example, the sliding 



12 



properties can be applied by coating a water system of a lubricant 
+ a high-molecular binder + a surfactant or a solvent-system 
solvent over a non-magnet deposited surface of . film [which has 
been non-elongated, uniaxially elongated or biaxially drawn] and 
dried before or after the film is made. The sliding properties 
are then given. 
[0027] 

The means of properties measurement and means of evaluation 
of film and tape are shown below. 
[0028] 

(1) Average Grain Diameter and Grain Degree Distribution 
A circle equivalent diameter of at least more than 200 pieces 
of colloidal silica grains is obtained by using an electronic 
microscope. The average grain diameter and grain degree 
distribution are obtained by the weight portion rate of each 
circle equivalent diameter grain. In a case of colloidal silica 
solution, according to its need, a centrifugal sedimentation 
method, etc., can be used. 
[0029] 

(2) Protrusion of Film 

(a) Area Average Diameter: [D 1 ] ; Number of Average Diameter: [D 2 ]; 

Number of Protrusion [N] 

"Quantimet" 720 of Kembridge Installment KK (England) is used 
About 400 - 500 ohm strong* thickness of aluminum is vacuum 

deposited over the surface of the film and is observed 100 visual 
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field by a reflection- type metal microscope (object 32 times; 
ocular 8 times) . A black protrusion section, as the contrast, is 
detected and image treated. 
[0030] 

The image treatment is measured, and each area protrusion is 
divided into a step [which divides the area zone of 3.14 x 10" 10 - 
78.5^m 2 into 15 steps]. The protrusion diameter is calculated as a 
circle equivalent diameter from the middle area of each step. 
The relationship of the protrusion number [Nn] of surface 
protrusion diameters [Qn] of each step and the total of area [A n ] 
of the surface protrusion diameter [D n ] of each step is then 
grasped. The area average diameter [Di] of the protrusion diameter 
and the number of the average diameter [D 2 ] are calculated from the 
total of the protrusion number and area in the surface protrusion 
diameter of each step by the following formula. 
[0031] 

[Chem. 1] 

Area average diameter 

Number of average diameter 
Protrusion number 
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(b) Maximum Protrusion Height [P] 

By using (ET-10) high precision thin film grade difference 
measurement machine of Kosaka Kenkyu-sho KK, a chart is made under 
the following conditions: stylus diameter cone-type 0.5^R, needle 
pressure 5mg, measuring speed 4ja/sec. 10,000 times vertical 
magnification, 1,000 times horizontal magnification and 0.016mm 
cut off. Each of the sections of a measurement length of 0.3rtim is 
pulled . out from the film surface roughness curve line [which has 
measured 5 surfaces] . The difference between the maximum peak and 
minimum bale* in the 5 surface measurements is set as the maximum 
protrusion height [P] . 

[0032] 

(3) Tape Properties 
A commercially available VHS system VTR is used. Recording 
and playback are repeated and the tape properties are evaluated. 
A playback is conducted under the two conditions: (1) normal 
temperature and humidity and (2) high temperature and humidity. 
The movement properties of the tape are then evaluated by 
observing the fluctuation on the screen caused by tape movement 
problems. The evaluation standard is shown as the following: 
0: The movement is smooth and there is absolutely no 

fluctuation on the playback screen, 
x: The movement is delayed off and on, and there is a 
fluctuation on the playback. screen. 
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[0033] 

(4) Scratch Resistance 
The scratch resistance is evaluated by observing any 
scratches over a tape thin film after movement is repeated 100 
times under normal temperature and humidity and high temperature 
and humidity. The evaluation standard is shown as the following: 

0: A slight generation of very weak scratching is observed . 
on a tape thin film. 

[0034] 

x: Severe scratching is generated on a tape thin film 
surface. 

Normal temperature and normal humidity are 25°C and 60% RH; 
high temperature and high humidity are 40°C and 80% RH. 
[0035] 

(5) S/N Ratio 

A 50% white level signal is recorded with the maximum 
recording current of each tape; the ratio of signal (S) and noise 

(N) contained in a video reproduction signal during playback is 
compared by using a video noise machine and commercially available 
VHS standard tape as OdB. The S/N ratio is measured. 

[0036] 

(6) Drop Out 

A three-stage stp signal is recorded on a magnetic recording 
tape by using a maximum recording current; 18 dB attenuation of 
video head amp. output at playback and more than 2.0 jisec. 
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continuous time of drop out are measured for 10 minutes; then the 
average per one minute is taken. The measurement of drop out and 
S/N ratio are conducted under a normal temperature and normal 
humidity conditions. 
[0037] 

A ferromagnetic thin film [which is provided on this 
invention's polyester film for magnetic recording medium] and 
especially deposition-type magnetic thin film is provided on at 
least one surface of the polyester film. The film surface area of 
this invention is ,wide and the contact surface with the magnetic 
head is very small. Therefore, the movement properties of the 
ferromagnetic thin film surface are extremely good. 
[0038] 

A method for producing a polyester film of this invention is 
explained below with the accompanying specific examples. 
[0039] 

First, a colloidal silica which is obtained by either water 
glass means of alkoxide is to have in a polyester. A water-system 
colloidal silica [which is obtained by removing an- alkali portion] 
is more preferable than the colloidal silica obtained by means of 
a water glass because almost primary grain condition exists at the 
last so long as attention is paid to aggregation at the post 
process and by conducting a specific treatment. The colloidal 
silica can be mixed with a glycol which contains water or the 
water can be replaced with a glycol. Moreover, the glycol 
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solution [which contains the necessary added colloidal silica 
density] is given in excess of 30 minutes of ultrasonic wave 
treatment (20 KHz oscillation frequency; more than 150W 
oscillation output) under a decreased pressure of less than 30mmHg 
(preferably 1 - lOmmHg) just before the colloidal silica is 
finally added into a polymerization system. The properties of 
colloidal silica of a very sharp grain degree distribution are 
revived and are effective to prevent a secondary aggregation by 
removing a low boiling point substance [which is considered to 
cause a secondary aggregation] . 
[0040] 

This polymer with an extremely fine and evenly dispersed 
single grain diameter is melted and extruded by common extruder 
and cooled by a cooling drum. This non-oriented film is drawn in 
one direction by a normal method. After a drawing in a right- 
angle direction is conducted, the drawing is again conducted in 
the one direction and heat treated. More specifically, by using 
the above explained raw polyester material, a melting and 
extrusion are conducted by a normal film making machine. After 
the result is cooled, it is uniaxially drawn to length 3-5 
times. A stentor* pre-heat section after the biaxial drawing is 
pre-heated to 90 - 120°C, then horizontally drawn to 2.5 0 4.5 
times at a drawing temperature of 90 - 120°C. At this stage, an 
essential polyester film the having surface protrusions of this 
invention is obtained. This horizontal drawn film is also heat 
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treated at 180 - 220°C. Or, after it is again vertically drawn to 
1.1 - 1.8 times, a heat treatment is conducted at 180 - 220°C and 
this invention's biaxial drawn polyester film is obtained. 
[0041] 

At is explained above, this invention is a polyester film 
having extremely fine single surface protrusions and the 
deposition thin film which is formed over the surface has 
outstandingly improved movement properties of the surface. There 
is also no increase of drop out because the electromagnetic 
conversion properties of the deposition tape are not ruined and 
there are no existing coarse and large protrusions. 
[0042] 
[Examples] 

A method for producing this invention's base film and a 
manufacturing example of video tape using this base film are 
explained below. 
[0043] 
Example 1 : 

An ethylene glycol (EG) is added little by little to a water- 
system colloidal silica (60m^ average grain diameter; 20Wt.% 
density); water is carefully removed by distillation. An EG 
replaced colloidal silica (10 wt.% silica density) is prepared. A 
small amount of silica aggregates is shown over the liquid surface 
and container wall, so that it is filtered. 
[0044] 
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The above EG replaced colloidal silica and an additional EG 
solution [which becomes 0.2 wt.% silica to the weight of the 
formed polyester, and the mol ratio of total EG to DMT becomes 
2.5] are treated into a system consisting of 100 parts of dimethyl 
terephthalate (DMT) and 0.02 part of acetic acid Zn for about 2 
hours by an ultrasonic wave disperser (20 KHz oscillation 
frequency; 300W oscillation output) under a decreased pressure of 
1 - 2mmHg. When 500 grains of this colloidal silica are observed 
through an electron microscope, the average grain diameter is 
confirmed as 60 ir^. The one to which is aggregated more than two 
grains is not observed. When the ratio of major and minor 
diameters is obtained for calculating the surface equivalent 
diameter, its average percentage is 1.03 which is a close to the 
shape of a pearl. 
[0045] 

To this treatment solution is added an ester exchange 
reaction which is conducted at 180 - 240°C. Next, 0.035 part of 
antimony trioxide and 0.04 part of trimethyl phosphonite are 
added, and a pre-polymerization is conducted under a gentle 
decreased pressure at 240 - 270°C. Further, a polycondensation 
reaction is conducted under high vacuum conditions at 270 - 280°C. 
The reaction is completed in 4 hours. 
[0046] 

The maximum viscosity of obtained polyethylene terephthalate 
is 0.65. Next, this polymer is chipped, dried, and extruded at 
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290 - 300°C by a film molder and cooled by a cooling drum. A 210ji 
non-drawn film is formed. ■ Successive biaxial drawings are 
conducted 3.5 times vertically at 90° and 4.0 times horizontally 
direction at 100°C. Further, a fixation is conducted for 30 
seconds at 205°C, and a polyethylene terephthalate film (14u 
thickness) is made. 
[0047] 

A slide facilitation treatment solution [which contains 
calcium carbonate and silicon] is coated and dried on one surface 
of the film by using a polyurethane resin and vinyl chloride-vinyl 
acetate copolymer as the binder. A 0.1^- thick cobalt-nickel alloy 
thin film is continuously formed over the reverse surface which is 
not coated with the solution. The result is cut into the machine 
direction of the film at - a specific width and is made into 15ji- 
thick magnetic tape. The properties are shown in Table 1. 
[0048] 
Example 2 : 

A magnetic tape is obtained in the same manner as in Example 
l's manufacture of the base film except the density of the added 
colloidal silica is set as 0.1 wt.%. 
[0049] 
Example 3: 

A magnetic tape is obtained in the same manner as in Example 
l's manufacture of the base film except the density of the added 
colloidal silica (average grain diameter : 100m^) is set as 0.1 
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wt.%. The tape properties are shown in Table 1. 
[0050] 

Comparative Example 1: 

A magnetic tape is obtained in the same manner as in Example 
l's formation of polymer except for using EG [which is dispersed 
by high steep agitator and contains a dry-type silica (60m^ 
average grain diameter)] instead of using EG [which contains 10 
wt.% density colloidal silica]. The tape properties are shown in 
Table 1. . 



[Table 1] 
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I . . . example 

2 . . . comparative example 

3... inactive inorganic grain 

4 . . . protrusion condition of film surface 

5... tape properties 

6. . . reference 

7 . . . grain seed 

8 . . . average grain diameter 

9... surface ratio area 

10.. -added amount 

II. .. grain degree distribution 
12... area average diameter 

13... surface average diameter D** / surface average diameter 
14. . .maximum protrusion height 
15... number of protrusions 

16... normal temperature and normal humidity 
17... high temperature and high humidity 
18 . . .ratio 

19... drop out piece/min. 
20. . .movement properties 
21... scratch resistance 

22. . .electromagnetic conversion properties 

23. . .colloidal silica 

24 .. .dry-type means silica 

25. . .detection of silica aggregate matter in a film 
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[0052] 

[Effect of the Invention] 

As is explained above, this invention is a film to which is 
added a colloidal silica having a specific grain diameter 
distribution in a polyester and the electromagnetic conversion 
properties are good smoothness, scratch resistance and good 
movement properties at a high temperature and high humidity. 



Translator's note: 

* = phonetic transliteration 

**= illegible 
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